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Abstract 
The goal of the article is to analyze the cost of fuel for a small-capacity woodchip boiler house as well as operation of 
a condenser and assess the decrease in cost if a flue gas condenser is installed. The article examines the cost chain of 
fuel: the price of the fuel itself, the hourly rate depending on capacity and specific cost per unit of produced energy. 
The object of study is the Ludza (Latvia) district heating system heat source – a boiler house with an 8 MW woodchip 
boiler fitted with a direct contact condenser. An analysis of the specific costs of the flue gas condenser shows that the 
condenser has a capacity threshold above which a savings of financial resources can be observed. As the capacity 
falls below the threshold, the condenser operates at a loss and its operation costs are greater than its income, which 
are determined by the woodchip savings. The analysis shows that during the nine months of the 2012-2013 heating 
season the condenser operated with an economic effect and also without this effect. The total assessment is provided 
by a cost-benefit balance assessment, which determines the specific pure gains obtained during the studied time 
period. Condenser disconnection in the case of low capacity is examined. 
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Nomenclature 
bb  rate of fuel energy per unit of boiler produced heat energy (MWhf/MWhp)  
bbc rate of fuel energy per unit of boiler and condenser produced heat energy (MWhf/MWhp)  
cash specific condenser ash storage cost (€/MWhc) 
cel  specific condenser electricity cost (€/MWhc) 
cexp specific condenser operation total cost (€/MWhc) 
cf  fuel price (€/MWhf) 
cfb boiler fuel component price per unit of produced energy (€/MWhf) 
cfbc boiler and condenser fuel component price per unit of produced energy (€/MWhf) 
cin  specific cost of woodchip savings (€/MWhc) 
clm  specific condenser labour and materials cost (€/MWhc) 
cnet specific weighted pure gain during the all condenser operation period (€/MWhc)  
c*net specific weighted pure gain during the condenser operation period above 0,25 MW (€/MWhc) 
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csav  specific savings obtained of condenser operations (€/MWhc)  
cws  specific condenser water and sewage cost (€/MWhc) 
C fuel cost (€/h) 
Cb boiler fuel cost (€/h) 
Cbc boiler and condenser fuel cost (€/h) 
Pb average monthly boiler capacity (MWb) 
Pbc  average monthly boiler plus condenser capacity (MWbc) 
Pc average monthly condenser capacity (MWc) 
Pf  fuel input capacity (MWf)   
Qb  monthly boiler produced energy (MWhb)  
Qbc monthly boiler plus condenser produced energy (MWhbc) 
Qc monthly condenser produced energy (MWhc) 
Qsum heat energy recovered by the condenser during the studied time period ( MWhc) 
Indices 
i number of months in the studied time period   
j months during which the condenser is operated 
k months during which the condenser is turned off  
1. Introduction 
The European Union has set a goal of reducing greenhouse gas (GHG) emissions by 20% by 2020 
compared with 1990 and increase the proportion of renewable energies in the energy mix to 20% [1]. The 
main fields for the reduction of GHG are raising system energy efficiency and the replacement of fossil 
fuels with renewable energy resources, including biomass. Latvian climate conditions impose particular 
requirements on the heat energy supply. This especially concerns district heating systems (DHS), the 
dominant solution of supplying large cities with heat (~80% of the total number of heat energy users) [2]. 
Even though the possibilities of biomass as an alternative fuel are well known, analyses of the cost and 
economic benefit of fuel replacement and use are still necessary and are currently being done [3]. The use  
of bio-energy to produce energy is an attractive solution because of its high potential and diversity of use 
in the production of heat, cogeneration and bio-fuel production [4, 5]. An analysis of the production costs 
for heat, electricity, wood pellets and diesel engine fuel [6, 7] shows, that they are influenced by the price 
of fuel, the amount of production and whether separate production or cogeneration. The type of energy 
production and actions performed on the consumer side also influence the efficiency of primary resources 
[8]. Thanks to the broad application of biomass, the study of energy efficiency is always an issue of top 
priority [9]. The use of heat from a boiler's flue gases by installing heat and mass transfer devices and 
heating the network water in heat supply systems [10], the cold air supplied for combustion [11] or the 
condensate in condensing thermal power stations [12] is important in actions meant to increase the 
efficiency of heat production. Heat utilizers for the deep cooling of flue gases can be either indirect-
contact [13] or direct contact [14, 15]. In direct-contact units the sprayed water can be heated to a 
temperature that is approximately 10 ºC higher than it is in indirect-contact units. This heightened water 
temperature is very important if the recovered heat is used to cover the consumers' municipal heat load. It 
has been determined that particulate matter emissions could decrease up to 33-44% [16]. 
Increasing concern regarding the safety of energy systems, fluctuations in fossil fuel prices, GHG 
emissions and the need to promote the agricultural sector bring about the need to study the possibilities of 
choosing biomass resources. Therefore, in addition to widely applicable wood, a series of studies have 
also examined the possibility of using other types of biomass for the production of energy [17, 18]. The 
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choice of biomass is determined not only by the price of the material; it is also influenced by the total 
efficiency of the source and heat supply system [19, 20, 21]. 
A study of wood prices in the Swedish market has been done in [22]. As can be seen, the price changes 
depending on the quality of the fuel. Quality is higher for wood pellets and briquettes and lower for 
woodchips, which can be of two types: woodchips from wood-processing industry waste and forest 
woodchips. Forest woodchips are cheaper.  
If energy efficiency actions have been performed for a bio-mass boiler, a power and economic 
assessment of the results is necessary to determine the most optimal operation modes and the economic 
advantage of the action. These issues are examined in the article. 
2. Study methodology 
The goal of the article is to analyses the cost of fuel for a small-capacity woodchip boiler house as well 
as a break-down cost analysis of condenser operations with the intent of assessing the possibilities of 
decreasing costs in the case of the installation of a flue gas condenser. The following have been used and 
obtained in the analysis of the cost of energy production: the system's energy input-output curve; fuel cost 
curve; heat rate curve; heat rate cost curve. 
     The study object is the Ludza (Latvia) municipal DH system heat source – a boiler house that has an 8 
MW woodchip boiler equipped with a direct-contact condenser. The company's monthly financial 
account data regarding the cost of fuel and condenser operations have been used for the cost analysis. The 
energy aspects of the system's operations are examined in more detail in the authors' publication. 
The prices fluctuate and are higher during the winter months. The average price value cf = 11.46 
€/MWhf has been used for further calculations. Woodchip price is determined per unit of fuel energy. 
This price is low compared to the price of 18.65 €/MWhf [22] or 18.90 €/MWhf [7] for woodchips in 
Sweden. Recalculated for price per loose volume m3 in Latvia, it is 8.50 €/m3 compared to 14.80 €/m3 in 
Great Britain [10]. The system's energy input-output curve is the base for determining the fuel cost curve 
and for further heat rate and cost calculations. The average monthly boiler Pb and boiler plus condenser 
Pbc capacity is determined by using the monthly produced energy Qb and Qbc as measured by the meters 
divided by the number of hours per month. The graphic images of the correlation Pf = f1 (Pb) and Pf = f2 
(Pbc) is created by the boiler and boiler plus condenser input-output curves. The fuel cost curve C is 
obtained by multiplying the introduced capacity Pf by the fuel price cf. A graph of the curves can be seen 
in Fig. 1. 
It can be seen that, as the system's capacity increases, the hourly fuel cost also increases. The trend is 
understandable, because, as the generation capacity increases, so does the consumption of fuel. A data 
correlation analysis shows that the fuel costs of a boiler Cb and boiler with a condenser Cbc can be 
described by equations shown on the Fig. 1.   
A fuller cost analysis is provided by the specific indicators. The rate indicators bb and bbc are 
determined by dividing the consumed fuel energy by the measured heat energy produced in the boiler Qb 
and the heat energy produced by the boiler plus condenser Qbc. The specific indicator values determine 
how much fuel energy must be consumed per one unit of heat energy produced. Numerically, this same 
value can be obtained by dividing the introduced capacity of the fuel Pf by the boiler capacity Pb or the 
boiler plus condenser capacity Pbc. If the fuel energy unit price cf, is known, then the boiler or boiler plus 
condenser fuel component price cfb or cfbc per unit of produced energy can be determined.The results of 
the quantity calculations can be seen in Fig. 2. 
The character of the changes in the curve in Fig. 2 indicates that minimums for heat rate indicators as 
well as unit of produced energy price can be observed at certain heat generation capacities. The equations 
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describing the changes obtained from the data correlation analysis are used to determine the minimum 
fuel cost. 
 
Fig. 1. Fuel input and cost vs. heat generation capacity 
 
Fig. 2. Specific fuel cost and heat rate vs. heat generation capacity 
Specific indicators were created for the data analysis in which income, costs and savings were applied 
per unit of heat energy produced in the condenser. The combined specific costs of condenser operations 
consist of the sum of the specific costs of separate positions:  
cexp = cel + cws + clm + cash +cam, €/ MWhc (1)  
The savings obtained as a result of condenser operations are the income csav, which is the difference 
between woodchip savings cin and the total costs cexp.  
3. Analysis of results 
The fuel cost curves obtained in Fig. 2 can be used to determine current boiler house fuel costs for 
various boiler capacities as well as future cost prognoses. They can be used together with the input-output 
curves for energy management purposes.  
Conditional idle boiler capacity and conditional idle boiler operation fuel costs are determined with 
the help of the input-output curve and fuel cost curve. We speak of conditional idleness because by 
definition the system cannot operate at such a regime. Graphically, these are line segments on the y axis if 
x=0 or if x=0 is entered into the values determined by the equations seen in the figure. From the input-
output curve equations it can be seen that idle capacity for a boiler and boiler plus condenser are 
practically the same and are within the range of 0.119–0.122 MW. The fuel cost curves are used to 
determine the corresponding operation costs, and these are 1.67–1.68 €/h. 
As seen in Figure 2, the heat rate indicators per unit of heat energy produced and the specific heat cost 
changes depending on heat generation capacities are non-linear and have a definite minimum. In order to 
specify the minimum capacity values for the curves seen in Figure 2, equations describing the changes in 
price per unit of produced energy have been used.  
The function's minimum is determined by equating its first derivation with zero:  
0 
b
fb
dP
dc   and  0 
bc
fbc
dP
dc         (2) 
The generation capacity values determined by the correlations (2), for which fuel cost minimums per 
unit of produced energy are observed, are Pbmin = 4.89 MW and Pbcmin = 4.83 MWA system operating at a 
capacity of approximately 5 MW will have the lowest fuel costs per unit of heat energy produced. 
Capacity and therefore also the cost minimum is determined by two factors: the influence of the 
conditional idle mode and the changes in boiler efficiency. As the boiler capacity increases, the idle mode 
influence is relatively smaller than it is when capacity is smaller. On the other hand, boiler efficiency 
increases as the boiler capacity increases, and when it has asymptotically reached the maximum value, it 
remains unchanged or decreases slightly. 
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R² = 0,9983
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The goal of the analysis is to assess whether condenser operations ensure a savings in financial 
resources, how much savings are possible and whether these apply to the whole range of condenser 
capacity. The changes in specific full cost cexp, income cin, and savings csav associated with condenser 
operations and depending on condenser capacity can be seen in Fig. 3. 
 
Fig. 3. Summary costs and savings vs. condenser capacity 
The analysis shows that money can be saved if the condenser is operated at a capacity greater than 
0.25 MW; this savings increases and reaches 10 €/MWhc as the capacity reaches 0.8 MW. 0.25 MW is the 
threshold below which there is no economic effect. As the capacity falls below 0.25 MW, the condenser 
operates at a loss and its operation costs are greater than its income, which is determined by woodchip 
savings. 
4. Conclusions  
The article examines the cost chain for fuel and operations for a centralised heat supply system boiler 
plus condenser that consists of the actual price of fuel, the hourly costs depending on capacity and the 
specific costs per unit of produced energy. The curve for the hourly costs of operating the boiler shows 
that the changes are not linear and the operating modes are not equally economically advantageous. With 
the help of the input-output curve and fuel cost curve the system's conditional idle capacity 0.119-0.122 
MWb and hourly cost of fuel while idle 1.67 €/h have been determined. 
The character of the changes in specific fuel costs shows that the boiler has modes with minimal 
specific fuel costs. With the help of an equation describing the changes, the economically most 
advantageous boiler capacities operating with and without a condenser have been determined. The boiler 
capacities are practically the same for both variants and fall within the range of 4.83–4.89 MWb. 
The analysis of a detailed breakdown of the flue gas condenser's specific costs shows that a savings of 
money is noted if the condenser is operated at a capacity greater than 0.25 MWc; this savings increases 
and reaches 10 €/MWhc as the condenser capacity increases to 0.8 MWc. 0.25 MWc capacity is the 
threshold below which there is no economic effect. As the capacity falls below 0.25 MWc, the condenser 
operates at a loss and its operation costs are greater than its income, which is determined by woodchip 
savings. 
The analysis shows that during the nine months of the 2012-2013 heating season the condenser was 
operated both with an economic effect and without it. A total assessment of the examined period provides 
the balance of the specific weighted gains and losses. The assessed specific weighted pure gains per unit 
of heat energy recovered by the condenser is 5.74 €/MWhc. This means that the use of the condenser 
during the examined period has provided an economic effect. 
Condenser operations have been analysed if the condenser is turned off at low capacities (under 0.25 
MWc). If the condenser is turned off, there will be no operation costs, but amortisation costs will remain. 
In the examined variant the specific weighted pure income is 4.79 €/MWhc, which is 16.5% less 
compared with operating the condenser without turning it off. This means that it is convenient to operate 
the condenser also at low capacities, when the savings gained partially cover the costs. 
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